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Lysophosphatidylcholine up-regulates interleukin 1b-induced (IL-1b) and tumor necrosis factor-a (TNF-a). This en-
NOS expression in rat mesangial cells. zyme is regulated at the transcriptional level. In the kid-
Background. Nitric oxide (NO), a simple molecule synthe- ney, cNOS has been found in glomeruli and vasculaturesized from l-arginine by NO synthases (NOS), has been identi-
as well as the macula densa, the collecting duct and thefied to play an important role in cell comunication, cell defense
and cell injury. Several studies have shown that glomeruli from inner medullary thin limb. In addition, iNOS occurs in
rats with immune-mediated glomerular inflammation have in- vascular smooth muscle and granular cells at the juxta-
creased production of NO. Recently, it was also reported that glomerular apparatus, glomerular mesangial cells, proxi-inducible NOS (iNOS) is localized in mesangial cells, glomeru-
mal and collecting duct cells [2].lar epithelial cells and infiltrating cells in the diseased human
However, recently it has been shown that activationglomeruli. On the other hand, while oxidized low density lipo-
protein (ox-LDL) has been suggested to be related to progres- of glomerular endothelium and mesangial cells in re-
sion of glomerular disease, the mechanism remains unknown. sponse to low density lipoprotein (LDL) and its more
We investigated the effect of lysophosphatidylcholine (LPC),
potent post-translationally modified form, oxidized-LDLa modified phospholipid produced during LDL oxidation, on
(ox-LDL), may lead to an elaboration of adhesion mole-iNOS expression in rat mesangial cells.
Methods and Results. Treatment of mesangial cells with in- cules, macrophage colony-stimulating factor (M-CSF)
terleukin-1b (IL-1b) induced iNOS activity measured as nitrite and monocyte chemoattractant protein-1 (MCP-1),
levels in cell culture supernatants. Treatment with LPC had no which can initiate the pathological infiltration of circulat-effect. In contrast, coincubation with LPC and IL-1b resulted
ing monocytes into the mesangial space [3]. Ox-LDL,in a markedly higher nitrite content compared to that after
incubation with IL-1b alone. Western blot analysis revealed through scavenger receptor pathways, transforms macro-
that LPC caused a significant increase in the formation of iNOS phages into the lipid-rich foam-like cells seen in renal
protein in the presence of IL-1b. injury, and further activates intrinsic glomerular and tu-
Conclusion. These findings suggest that LPC may contribute
bular cells to synthesize inflammatory cytokines associ-to progression of glomerular inflammation by augmenting IL-
ated with cell proliferation, enhanced production of ex-1b-induced iNOS expression.
tracellular matrix proteins and progressive renal injury.
One of the properties of ox-LDL is its increased
Nitric oxide (NO) is a short-lived free radical gas lysophosphatidylcholine (LPC) content.
known to play important roles in cell communication, The present study investigated whether or not LPC
cell defense and cell injury [1]. The synthesis of NO is affects the expression of iNOS in cultured rat mesangial
catalyzed by nitric oxide synthase (NOS). Three isoforms cells.
of NOS have been identified and cloned. The neuronal
and endothelial NOS are constitutive (c) enzymes that
METHODSare calcium and calmodulin dependent. The third mem-
ber of the family of NOSs is the inducible NOS (iNOS). Mesangial cell preparation and cell culture
iNOS activity is calcium and calmodulin independent Rat mesangial cells were obtained from primary glo-
and is not constitutive, but can be induced by bacterial merular explants as reported previously [4]. Mesangial
products and certain cytokines, such as interleukin-1b cells were cultured in RPMI supplemented with 15%
heat-inactivated fetal calf serum (FCS), 5 ng/ml insulin,
100 U/ml penicillin and 100 mg/ml streptomycin. CellsKey words: nitric oxide synthase, glomerulonephritis, cell communica-
tion, progressive renal disease. were plated in six-well plates, and for experiments, were
used between passages 8 and 14. 1999 by the International Society of Nephrology
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Fig. 1. Nitrite (NO2) production of rat mes-
angial cells affected by lysophosphatidylcho-
line (LPC) and interleukin-1b (IL-1b). NO2
production stimulated with IL-1b (10 ng/ml)
was markedly increased by coincubation with
LPC at 1024 m for 24 hours. At 1023 m of LPC,
NO2 production was significantly decreased
due to cell death. NO2 concentrations were
determined in the supernatant by Griess reac-
tion. The value was corrected for the total
protein content per plate. NO2 concentration
obtained from cell-free wells was used as a
background. Data are mean 6 sd, and repre-
sent seven experiments.
Nitrite analysis noblots of the iNOS protein were detected using the
enhanced chemiluminescence (ECL) detection systemRat mesangial cells were grown to confluence in six-
(Amersham Corp.) on standard X-ray film.well plates and were then conditioned in phenol red-
free culture medium for 48 hours. On stimulation, culture
medium was exchanged with phenol red-free RPMI con- RESULTS
taining 0.5% FCS. The NO2 content was measured using
Nitrite productionthe Griess colorimetric method. Briefly, 700 ml of super-
Nitrite (NO2), the stable metabolite of NO, was deter-natant as well as control medium containing a known
mined in supernatants of cultured mesangial cells treatedconcentration of NaNO2 were mixed with 700 ml of
with LPC (1026 m to 1023 m) for 24 hours. SupernatantsGriess reagent (25 mm sulfanilamide and 25 mm naph-
of untreated mesangial cells were used as controls. LPCthylethylenediamide) and incubated for 30 min in the
had no effect (data not shown). NO2 formation stimu-dark. Optical density was measured at 550 nm and the
lated by recombinant human IL-1b (0.5 ng/ml to 10 ng/NO2 content of conditioned medium was calculated from
ml) was increased dose dependently (data not shown).the curve obtained from NaNO2 standards. NO2 levels
As shown in Figure 1, incubation of mesangial cells withwere corrected for the total protein content of mesangial
LPC (1024 m) plus IL-1b (10 ng/ml) for 24 hours resultedcell extracts determined by the Bradford method. The
value obtained from cell-free wells was used as a back- in a markedly higher NO2 content (135 6 23 mmol/g
ground. protein) compared to that after incubation with IL-1b
alone (58 6 11 mmol/g protein; mean 6 sd, N 5 7). At
Western blot analysis 10–3 m of LPC, NO2 production stimulated with IL-1b
Confluent mesangial cells were stimulated with agents was significantly decreased due to cell death.
for 21 hours and then washed with phosphate-buffered
Western blot analysissaline (PBS) and scraped into lysis buffer containing
25 mm Tris-HCl (pH 7.4), egtazic acid (EGTA; 1 mm), As shown in Figure 2, coincubation with LPC (10–4 m)
dithiothreitol (DTT; 1 mm), leupeptin (10 mg/ml), aproti- and IL-1b (10 ng/ml) for 21 hours caused a significant
nin (10 mg/ml), phenylmethysulfonyl fluoride (PMSF; increase in the density of the immunoreactive iNOS
1 mm), and Triton X-100 (0.1%). Protein concentration bands at 130 kDa. This band was not detectable in lysates
was determined by the Bradford method. Protein (each prepared from mesangial cells treated with vehicle. Fur-
sample, 10 mg) was separated by SDS-PAGE (7.5% thermore, LPC and IL-1b alone had no effect on iNOS
acrylamide gel) and transferred to a PVDF membrane. protein expression.
The membrane was blocked with dried milk (6% wt/
vol), and subsequently incubated with specific polyclonal
DISCUSSIONanti-iNOS antibody (1:1000 dilution; Biomol Research
Generation of peroxinitrite (OONO2) by interactionLaboratories, Inc.) followed by a secondary antibody
(horseradish peroxidase-linked antirabbit IgG). Immu- of NO with superoxide anion (O22 ) initiates lipid peroxi-
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IL-1b or TNF-a activate signals that induce iNOS ex-
pression in mesangial cells. This signal transduction path-
way acts on the transcription rate of the iNOS gene and
subsequently increases iNOS mRNA and protein levels.
Recently, Kunz et al reported that basic fibroblast growth
factor, which activates the IL-1b-induced iNOS gene
transcription, potentiates the formation of IL-1b induced
IL-1 type I receptor mRNA levels in rat mesangial cells
[10]. Furthermore, several intracelluar signaling path-
ways of iNOS induction, cyclic AMP, protein kinase C
and tyrosine kinase dependent pathways, have been de-
scribed. It is possible that LPC also affects these intracel-
lular signaling pathways as well as the IL-1b dependent
Fig. 2. Western blot analysis of inducible nitric oxide synthase (iNOS)
pathway. Further investigation is necessary to resolveof rat mesangial cells. Mesangial cells were incubated for 21 hours with
vehicle (Con), LPC (1024 m), IL-1b (10 ng/ml), LPC (1024 m) plus IL-1b the mechanism of iNOS induction by LPC.
(10 ng/ml). The iNOS immunoreactive band at 130 kDa was clearly In summary, LPC causes a significant increase in the
visible only in lane 4 (LPC plus IL-1b). Samples (protein 10 mg) were
formation of iNOS protein in rat mesangial cells in theanalyzed by SDS-PAGE and transferred to a PVDF membrane. Immu-
noblots were developed using anti-iNOS antibody. presence of IL-1b, which suggests that LPC may contrib-
ute to the progression of glomerular inflammation by
augmenting IL-1b-induced iNOS expression.
dation and cytotoxicity. Glomeruli undergoing inflam- Reprint requests to Mayumi Taniuchi, M.D., Third Department of
Internal Medicine, Wakayama Medical College, 811 Kimiidera, Waka-mation have multiple sources of O22 , for example, from
yama 641-0012, Japan.macrophages, polymorphonuclear cells (PMNs), mesan- E-mail: hotani@wakayama-med.ac.jp
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